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SURSRVHG WKDW KXPDQV FDQ GLVFULPLQDWH HYHQ WKLQQHU PDWHULDO IURP t    a  P WKLFNQHVV ZKLFK FDQQRW EH
GHWHFWHGE\ WKHDQJXODU VHQVRU\RUJDQVRI WKHKXPDQ ILQJHU&RQVHTXHQWO\RQHK\SRWKHVLV LV WKDWHYDOXDWLRQV IRU
PDWHULDOZLWK OHVV WKDQP WKLFNQHVVPXVWEHPDGHXVLQJ6$,PHFKDQRUHFHSWRUXQLWVZKLFKH[LVWZLWKLQ WKH
VWUXFWXUHGOD\HURIWKHKXPDQVNLQWKLFNQHVVRYHUPVHHPVWREHPRQLWRUHGWKURXJKWKHMRLQWVHQVRU\RUJDQV
RI ILQJHUV 2XU SUHYLRXV VLPXODWLRQZRUN DOVR KLJKOLJKWHG WKH LPSRUWDQFH RI WKH LQGH[ ILQJHUV LQ DQDO\]LQJ WKH
GLIIHUHQFHV LQ WKH SURSHUWLHV EHWZHHQ PDWHULDOV 7KH WKHRUHWLFDO DVSHFWV UHODWHG WR WKLV H[SHULPHQWDWLRQ FDQ EH
UHYLHZHGa
7KHREMHFWLYHRIWKLVUHVHDUFKLVWRVWXG\WKHPHFKDQLVPRIGHOLFDWHWDFWLOHVHQVDWLRQVDQGDSSO\RXUILQGLQJVWR
WKH GHYHORSPHQW RI D QHZ URERWLF VHQVRU RU RWKHU KXPDQPDFKLQH LQWHUIDFH2QH H[WUHPHO\ GLIILFXOW FKDOOHQJH LV
GLUHFWO\PRQLWRULQJWKHSK\VLFDOEHKDYLRULQVLGHRXUVNLQGXULQJFRQWDFW3DVWUHVHDUFKXVHGSULPDWHVDVWHVWVXEMHFWV




7KH DSSOLFDWLRQ RI )($ IRU WKH EHKDYLRU VWXG\ RIPHFKDQRUHFHSWRUV XQGHU ORDGLQJZDV SURSRVHG E\0DHQR
.RED\DVKL DQG<DPD]DNL *HUOLQJ DQG 7KRPDV:X HW DO DQG RWKHUV 2WKHU UHVHDUFK E\'DQGHNDU 5DMX DQG
6ULQLYDVDQ DQG 6ULSDWL %HQVPDLD DQG -RKQVRQ SURYLGHG D JRRG ILW EHWZHHQ WKH UDWH RI WKH VSLNHV ILUHG E\ WKH
6ORZO\$GDSWLYH7\SH,6$,DIIHUHQWDQGWKH6WUDLQ(QHUJ\'HQVLW\6('/HVQLDNDQG*HUOLQJIRFXVHGPRUH
RQ WKH UHVSRQVH RI D VLQJOH 6$, UHFHSWRU E\ FRPSDULQJ WKH UHVXOW ZLWK WKH SV\FKRSK\VLFV GDWD RI 3KLOOLSV DQG












2.1. Optimal Meshing 
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FODPSHG FLUFXODU SODWH REWDLQHG IURP WKH 7KHRU\ RI 3ODWHV 	 6KHOOV LV WKH PDLQ UHIHUHQFH IRU GHILQLQJ WKH
PD[LPXPGHIOHFWLRQ%DVHGRQWKHHUURUDQDO\VLVLQ)LJWKHQXPHULFDOHUURUGHFUHDVHVDVWKHWKLFNQHVVLQFUHDVHV
7KHQXPHULFDOHUURULQFUHDVHVDEUXSWO\XQGHUt  PPDQGFDQEHNHSWOHVVWKDQZLWKFRQGLWLRQVZKHUHWKH
WKLFNQHVV RI WKH PDWHULDO LV NHSW DERYH t   PP ZKHQ ZH DVVXPH WKH PHVK VL]H LV  PP 'XH WR WKH
FRPSOLFDWHG VKDSH RI RXU DFWXDO ILQJHUPRGHO ZH UHIHUUHG WR WKLV HUURU DQDO\VLV UHVXOW IRU HYDOXDWLQJ WKH DFWXDO
PRGHO¶VEHKDYLRXU:HFDOFXODWHGFDVHVRI tt PPZLWKDPPPHVKEHFDXVH WKHQXPHULFDOHUURU LVZLWKLQ
 6LQFH WKH FDVH RI  t PPPHDQV GLUHFW WRXFK EHWZHHQ WKH LQGH[ ILQJHU DQG WKH WKXPE ZH IRFXV RQ WKH
FDOFXODWLRQZKHQWKHFDVHLVWUXVWHG%HWZHHQ  t DQG  t PPWKHHYDOXDWLRQLVPDGHXVLQJOLQHDULQWHUSRODWLRQ
2.2. Measuring Node Points 
2XUQH[WREMHFWLYH LV WR LGHQWLI\ VXLWDEOH ORFDWLRQV IRU WKH QRGDO SRLQWV IRU GDWD H[WUDFWLRQSXUSRVHV )LUVWZH
IRFXVRQWKHFRQWDFWSRLQWVEHWZHHQWKHLQGH[ILQJHUDQGWKHIRLODVDEDVHIRUFHQWUDOQRGDOSRLQWVZLWKWKHQXPEHU
RI SRLQWV DURXQG LW WR UHSUHVHQW WKH EHKDYLRXU RIPHFKDQRUHFHSWRU DFWLYDWLRQ GXULQJ ORDGLQJ %DVHG RQ SUHYLRXV
ILQGLQJV WKH LQGH[ ILQJHU LV WKH PDLQ IRFXV RI WKLV DQDO\VLV 7R GHILQH WKHVH FRQWDFW DUHDV WKH +HUW]LDQ VWUHVV
IXQFWLRQ LV XVHG DV WKHPDLQ WKHRUHWLFDO UHIHUHQFH%\ GHILQLQJ WKH GLDPHWHUV RI HDFK KHPLVSKHUH DV PP WR
HPXODWHDILQJHUZHREWDLQDYDOXHRIa  PPDVWKHKRUL]RQWDOGLDPHWHUZKLFKLVFDXVHGE\WZRKHPLVSKHUHV
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WKDWFRQWDFWWKH1FRPSUHVVLRQ1H[WZHREWDLQDYDOXHRIa  PPIURPWKHFRQWDFWDQDO\VLVEHWZHHQVLQJOH
KHPLVSKHUHVZLWKIODWVXUIDFHV
9DOER DQG -RKDQVVRQ VWXGLHG WKH SURSHUWLHV RI D KXPDQPHFKDQRUHFHSWRU XQLW VXFK DV WKH VL]H RI UHFHSWLYH
ILHOGV DQG WKH GHQVLW\ RI XQLWV $FFRUGLQJ WR WKHLU UHSRUW WKH UHFHSWLYH ILHOGV RI WKH 6$,PHFKDQRUHFHSWRU XQLW
FRQVLVW RI FLUFXODU DUHDV RI DURXQG  a PP GLDPHWHU LI D P WKUHVKROG LV DVVXPHG:H DVVXPHG WKDW WKH
QXPEHUVRIPHFKDQRUHFHSWRUVZLWKLQFLUFXODUDUHDVRIa  PPDQGPPDUHn§DQGXQLWVUHVSHFWLYHO\
7KHVH YDOXHV RI XQLW QXPEHUV FRUUHVSRQG ZHOO LQ RXU VLPXODWLRQ &RQVLGHULQJ WKH DERYH DQDO\VLV EDVHG RQ WKH
PHFKDQLFDO FRQWDFW SUREOHP DQG WKH SK\VLRORJ\ RI WDFWLOH VHQVDWLRQ WKH )($ UHVXOW ZLOO UHSUHVHQW WKH 6$,
PHFKDQRUHFHSWRU XQLW¶V DFWLYLW\ ,Q RXU )($ZH DVVXPH WKDW D FLUFXODU DUHD RI a  PPRQ WKH ILQJHUWLS LV D


































E\VLPSOH ORDGLQJEXW WKURXJKVWLPXODWLRQGLIIHUHQFHVFDXVHGE\PRWLRQFKDQJHV,Q WKLFNQHVVGLVFULPLQDWLRQRXU
K\SRWKHVLV LV WKDW WKH DELOLW\ WR GLIIHUHQWLDWH WZR H[WUHPHO\ WKLQ PDWHULDOV FRPHV IURP WKH FRPSDULVRQ SURFHVV
EHWZHHQWKHYHUWLFDOORDGLQJVWDWHZKLFKLVWKHGDWXPYHUVXVWKHDQJOHGORDGLQJVWDWHSLQFKRUWZLWFKPRWLRQ
6LPXODWLRQ5HVXOWVDQG'LVFXVVLRQ
,Q WKLV VHFWLRQ ZH GLVFXVV WKH VLPXODWLRQ UHVXOW XVLQJ WKH H[WUDFWHG 90 VWUHVV GDWD RI WKH LQGH[ ILQJHU WKDW
LQWHUDFWHGZLWK WKH WKXPEDQG WKH&XDQG686IRLOV IURP WKH VHOHFWHGQRGDOSRLQWV7KHDUUDQJHPHQWRI VSHFLILF
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QRGDOSRLQWVDUHVKRZQLQ)LJ,QVWHDGRIXVLQJWKHLUDYHUDJHVZHGLVFXVVWKHPD[LPXP90VWUHVVYDOXHVRIDOO
WKH VHOHFWHG QRGH SRLQWV 6LQFH XVLQJ DYHUDJH GDWD LQGLUHFWO\ FRQFHDOV WKH DFWXDO DFWLYLW\ LQ VRPH DUHDV WKH















































)LUVW ZH H[DPLQHG DOO WKH VLPXODWLRQ UHVXOWV DQG SORWWHG WKHP DV D UHODWLRQVKLS EHWZHHQ90 VWUHVV DQG IRLO
WKLFNQHVV,QWKHVHJUDSKVDOPRVWDOOWKHFXUYHVGHFUHDVHGZLWKDQLQFUHDVHRIWKLFNQHVVZKHUHWKH686IRLOVKRZV
KLJKHU90VWUHVV WKDQWKH&XIRLO LQHDFKFDVH6LQFHWKLVPHDQVWKDW LGHQWLFDO90VWUHVV6$,PHFKDQRUHFHSWRU
XQLWDFWLYDWLRQFDXVHVODUJHU686IRLOWKLFNQHVVWKDQWKH&XIRLOWKHVLQJOHORDGLQJFRQGLWLRQLVQRWXVHGWRHYDOXDWH
IRLO WKLFNQHVV&RQVHTXHQWO\ZHDVVXPHGWKDWKXPDQVMXGJHWKHIRLO WKLFNQHVVE\WKHGLIIHUHQFHLQ WKH90VWUHVV
FDXVHGLQWKHGHUPLV7KLVDVVXPSWLRQLVQDWXUDOO\DFFHSWHGEHFDXVHLQGDLO\OLIHZHVRPHWLPHVSLQFKVKHHWVEHWZHHQ





















































WKH90VWUHVVHVRI WKHDQJOHG ORDGYV WKHGDWXP WKHDEVFLVVD LV WKH WKLFNQHVVDQG tFDQG tV DUHHVWLPDWHGDV WKH
WKLFNQHVV WKDW FDXVHV WKH VDPH PDJQLWXGH RI WKH GLIIHUHQFHV EHWZHHQ WKH 90 VWUHVVHV LQ WKH JUDSKV )LJ 
(VSHFLDOO\LQ)LJIE\FRPSDULQJWKHUDWLRVGXULQJDWZLWFKPRWLRQRIDDQJOHORDGZLWKDGDWXPDPD[LPXP
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90 VWUHVV YDOXH ZLWKLQ WKH HSLGHUPLV VHFWLRQ :H PDQDJHG WR PDLQWDLQ WKH VLPXODWLRQ¶V FRQYHUJHQFH UDWH E\
RSWLPXP XVH RI WKH PHVK VL]H DQG WR NHHS WKH QXPHULFDO HUURU EHORZ  GXULQJ WKH VLPXODWLRQ %DVHG RQ WKH
VLPXODWLRQ UHVXOWV ZH PRQLWRUHG WKH EDVLF EHKDYLRXU RI WKH KXPDQ WDFWLOH PHFKDQLVP WR GHILQH WKH GLIIHUHQFHV
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